The pharmacological use of plants and herbs (phytotherapy) for the treatment of benign prostatic hyperplasia (BPH) has been growing steadily. Serenoa repens (Palmae) is a small palm tree native to the Atlantic coast of North America. A lipidosterolic extract from S. repens is therapeutically has been used to treat BPH patients for many years.
Tumor invasion is a complex process involving cell adhesion, motility (migration) and the degradation of tissue barriers by proteases secreted by tumor cells. Cancer cells possess a high degree of proteolytic activity, resulting in acquisition of the ability to degrade and consequently invade surrounding normal tissues. 6) Several proteases such as urokinase-type plasminogen activator (uPA), matrix metalloproteases (MMPs) and aminopeptidase N (AP-N) are necessary for tumor cell invasion into the basement membranes.
In the present study, we investigate the effects of the extract from S. repens to human urological cancer cell invasion, and then clarify the suppressive mechanisms of tumor cell invasion by the extract.
MATERIALS AND METHODS

Materials
The extract from S. repens (Palmae) was obtained by extracting the fruits with carbon dioxide under hypercritical conditions according to the method previously reported. 7) UP-001 (a potent inhibitor of uPA), purified MMP-2 from normal human fibroblast and recombinant MMP-9 were the generous gift of Ono Pharmaceutical Co., Ltd. (Osaka).
Purified uPA from human urine was generously provided by JCR Pharmaceuticals Co., Ltd. (Ashiya). Purified AP-N from human prostate was used for experiments. Fluorogenic substrates for enzymes were purchased from Peptide Institute (Osaka). All other chemicals were of analytical grade.
Cell Culture PC-3 and LNCaP cells derived from human adenocarcinoma of the prostate, and SKRC-1 cells from human renal carcinoma were routinely cultured in DMEM containing 10% fetal calf serum under a humidified atmosphere of 5% CO 2 in air.
Invasion Assay The invasion activity of tumor cells using Transwell cell-culture chambers was assayed according to the methods reported by Albini et al. 8) with some modifications. Briefly, the upper surface of the cell culture inserts with an 8.0 mm pore size (FALCON Labware) was precoated with 5 mg/filter of Matrigel in phosphate-buffered saline (PBS) and dried at room temperature under a hood. Cell suspensions (3ϫ10 4 cells/filter) with or without the extract were added to the upper compartment, and incubated for a certain period (PC-3; 24 h, LNCaP; 48 h, SKRC-1; 12 h) at 37°C in a 5% CO 2 atmosphere. After incubation, the filters were fixed with 5% glutaraldehyde and stained with Giemsa's solution. The cells on the upper surfaces of the filter were wiped off with cotton swabs. The cells which appeared on the lower surface were manually counted under a microscope at a magnification of 200ϫ. Each assay was performed in triplicate.
Cell Viability and Adhesion to the Matrigel Cell viability and adhesion to Matrigel were assayed according to the methods reported by Iguchi et al.
9)
Wound Assay The wound assay was performed according to the methods reported by Goodman et al. 10) with some modifications. After wounding, PC-3 cells were treated with the extract from S. repens (final concentration; 10 mg/ml) for We used three human urological cancer cell lines, PC-3, LNCaP and SKRC-1, to investigate the effects of the extract from Serenoa repens (Palmae) on tumor cell invasion. The invasion activity of these cell lines was determined in vitro using a Transwell cell-culture chamber. The invasion activity of PC-3 cells into Matrigel was effectively suppressed by the extract at the concentration range of 1-10 m mg/ml, while that of LNCaP and SKRC-1 cells was unaffected by the extract. The extract did not affect the viability, adhesion ability, or motility of the cell lines. uPA is more strongly expressed on the membrane fraction of PC-3 cells than that of LNCaP or SKRC-1 cells. The purified uPA activity is inhibited by the extract from S. repens in a dose-dependent manner, suggesting that the suppression of PC-3 cell invasion by the extract is based on an inhibition of the uPA activity which is necessary for tumor cell invasion. These data suggest that the extract from S. repens specifically inhibits the uPA activity and may therefore be useful for the therapeutic treatment of prostate cancer.
24 h, and the effects of the extract on the cell motility were evaluated by comparing to control results.
Assay of Enzyme Activity uPA and AP-N activities were determined fluorometrically with excitation at 380 nm and emission at 460 nm using 4-aminocoumarin (AMC) derivatives as substrates. MMP-2 and MMP-9 activities were determined fluorometrically with excitation at 328 nm and emission at 393 nm using (7-methoxycoumarin-4-yl) acetyl (MOCAc) derivatives as substrates.
Statistical Analysis The significance of differences between groups was calculated by applying the Student's t-test.
RESULTS AND DISCUSSION
The effects of the extract from S. repens on human urological cancer cell invasion were investigated in vitro using a Transwell cell-culture chamber coated with Matrigel. As shown in Fig. 1 , the invasion activity of PC-3 cells was effectively suppressed by the extract in a dose-dependent manner, while that of LNCaP and SKRC-1 cells was unaffected by the extract. The extract has no effect on the viability, adhesion ability, or motility of human urological cancer cells, indicating that the degradation of Matrigel in PC-3 cell invasion may be affected by the extract.
Inhibition of the enzymes, uPA, MMP-2, MMP-9 and AP-N related to tumor cell invasion by the extract was determined using synthetic substrates as shown in Table 1 . uPA was selectively inhibited by the extract but no effect of the extract on the activities of MMPs and AP-N was observed. Kinetic analysis of the uPA inhibition by the extract showed apparently noncompetitive inhibition with a K i value calculated to be 1.8 mg/ml. Although the expression of uPA in the cell lines was determined and high activity of uPA cells was detected in the membrane fraction of PC-3 cells, the level of uPA expressed in LNCaP and SKRC-1 cells was found to be low. The specific activity for uPA in the membrane fraction of PC-3 cells was determined to be 40 pmol/min/mg protein and this activity was about 4 times higher than that of LNCaP and SKRC-1 cells. To confirm the mechanism for suppression of the cell invasion by the extract, UP-001, a specific inhibitor for uPA but not for tPA, was used as a positive control. The invasion activity of PC-3 cells was effectively suppressed by UP-001 in the concentration range of 0.1-10 mM, and the half inhibition concentration was shown to be 1 mM. The invasion activity of LNCaP and SKRC-1 cells was unaffected by UP-001 at the same concentration. The uPA activity was also inhibited by UP-001 (K i ϭ0.3 mM) at a concentration similar to that suppressing the invasion activity. These data demonstrate that the suppression of PC-3 cell invasion by the extract is based on the specific inhibition of the uPA activity by the extract.
Van Veldhuizen et al. 11) reported that high levels of uPA expression were seen in 71% of prostate cancer patients by immunohistochemistry, suggesting that it may play a key role in promoting prostate cancer growth and metastasis. Moreover, Miyake et al. 12) showed that the elevation of uPA and uPAR concentrations in human serum could be used as a predictor of progression and prognosis in patients with prostate cancer. In contrast, Stephan et al. 13) indicated that RCC tumor cells modestly overexpressed uPA-receptor mRNA, while uPA mRNA expression was significantly decreased.
However, Los et al. 14) recently reported that the expression of uPA and uPAR was lower in tumor tissues compared with that in the adjacent normal tissues in kidney. Our data also suggest that uPA may play a role in invasion by prostate cancer but not by renal cancer-derived cell lines.
The extract from S. repens is composed of 85% fatty acids, mainly lauric, myristic, palmitic, oleic, and stearic acids. The beneficial effects of these extracts on the treatment of BPH have been explained by their anti-inflammatory potential, 7, 15) and by an inhibitory effect for 5a-reductase. 16) du Toit et al. also reported that the essential fatty acids inhibited the uPA activity and expression. 17, 18) Oleic acid and long chain fatty acids were found to exhibit an inhibition in binding of single chain urokinase (scuPA) to the urokinase receptor. 19) Taking the above results and discussions into consideration, fatty acid components in the extract are likely to inhibit the uPA activity.
In conclusion, the inhibition of uPA activity by the extract from S. repens in human prostate cancer cells such as PC-3 is responsible for the suppression of cell invasion. Therefore, the extract from S. repens may be applicable in the therapeutic treatment of metastasis of prostate cancer as well as prostatitis and BPH. 
